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REMARKS/ARGUMENTS 

In view of the foregoing amendment, following remarks and the accompanying articles, 
reconsideration of the patentability of the pending claims is respectfully requested. Claim 35 has 
been amended to recite that the pulp being bleached has been pre-hydrolyzed. The subject 
matter of this amendment has previously been considered by the Examiner with respect to 
Claims 1 and 26, and therefore raises no new issues for the Examiner to consider. 

Claims 1 and 2 stand rejected under 35 U.S.C. § 102 as being anticipated by U.S. Patent 
No. 6,512,1 10 to Heikkila. Claims 3-48 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Heikkila. 

Independent Claim 1 recites the step of providing a pre-hydrolyzed cellulose pulp that is 
at least partially bleached . Independent Claim 26 recites a supply of an at least partially 
bleached pre-hvdrolvzed cellulose pulp. Independent Claim 35 has been amended to now recite 
that the bleaching step comprises bleaching a pre-hydrolyzed cellulose pulp . Thus, independent 
claims 1, 26, and 35 recite a bleached pre-hydrolyzed cellulose pulp, or the step of bleaching a 
pre-hydrolyzed pulp. Independent Claim 48 recites providing a cellulose pulp that is at least 
partially bleached. As discussed below, Heikkila fails to disclose or suggest bleaching a pre- 
hydrolyzed pulp, or providing a cellulose pulp that is at least partially bleached. 

The Examiner alleges that Heikkila teaches the step of bleaching a pre-hydrolyzed 
cellulose pulp. The Examiner's arguments are technically wrong for several reasons, and as will 
be discussed in greater detail below, Heikkila does not teach the step of bleachmg a pulp, or that 
the pulp is pre-hydrolyzed prior to being bleached. 

A. Hiekkila does not teach the step of bleaching. 

The Examiner alleges that xylanase treatment is a bleaching agent for pulp. The 
Examiner is mistaken. In support of his allegation, the Examiner has cited WO 9714803 to 
Breton et al. Specifically, the Examiner has offered the following quote from pages 9 and 10 of 
Breton in which Breton states "the use of xylanase as an auxiliary in the bleaching of paper pulp 
is all the more advantageous for the fact that the preparations are devoid of cellulose 
contaminants." (Emphasis mine). The key point in this excerpt is that xylanase is described as 
an auxiliary in the bleaching of paper and not as the bleaching agent itself. Merriam- Webster 
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Online Dictionary defines the term "auxiliary" to mean "1 a : offering or providing help b : 
fimctioning in a subsidiary capacity". Thus, as an auxiliary in the bleaching process, xylanase 
provides assistance, but is not actually the bleaching agent. As discussed below, it is common 
knowledge in paper pulping industry that xylanase is not capable of bleaching pulp in the 
absence of a bleaching agent. 

It is well known that xylanase is not a bleaching agent and is in capable of bleaching pulp 
in the absence of a bleaching agent. Three articles have been attached to provide evidence that 
xylanase is not a bleaching agent, and to help more clearly explain the role of xylanase in the 
bleaching process. The first article, Pedersen et al.. Bleach Boosting of Kraft Pulp Using 
Alkaline Hemiceullulases, Bleaching A Tappi Press Anthology, pgs. 289 - 303 (1993) 
(hereinafter "Pedersen"), describes the use of enzymes such as xylanase as a bleach booster that 
can be used to reduce the amount of chlorine needed in the conventional bleaching process. See 
page 290. Pedersen specifically states that the "enzyme stage cannot be considered a traditional 
bleaching stage as it does not show any bleaching effect in itself " Id. at 291 (emphasis mine). 
The second article, Tolan et al.. The Use of Enzymes to Decrease the Ch Requirements in Pulp 
Bleaching, Bleaching A Tappi Press Anthology, pgs. 280 - 283 (1993), (hereinafter "Tolan"), 
states "[xjylanase enzymes have been widely reported to improve the effectiveness of 
conventional bleaching chemicals in removing lignin from hardwood and softwood craft pulp." 
See page 280 (emphasis mine). Tolan fiirther states that the "major effects of xylanase treatment 
are only apparent after subsequent bleaching " and that "xylanase acts to enhance bleaching by a 
different mechanism than does oxygen, chlorine, chlorine dioxide, and other chemical methods." 
Id. at 282 (emphasis mine). The last article, Li et al., Bleachibility Improvements of Kraft Pulp 
by Alkaline Leaching and Xylanase Treatment, Journal of Pulp and Paper Science, Vol. 22, pgs. 
209 - 212 (June 1996) (hereinafter "Li'), explains how xylanase can be used to improve the 
bleachibility of pulp. Specifically, Li states that "the ability of xylanase enzjone to improve the 
bleachibility of pulps during subsequent chemical bleaching was first reported in 1986. ..." Id. at 
207. 

The above articles clearly establish that xylanase treatment does not bleach the pulp. 
Rather, the articles discuss and provide evidence that the xylanase treatment works in 
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conjunction with a conventional or subsequent bleaching process to help enhance bleaching of 
the pulp. This conclusion is further supported by the excerpt cited by the Examiner in Breton 
which refers to the use of xylanase as an "auxiliary". As noted above, the term auxiliary is 
defined as "offering or providing help" or "functioning in a subsidiary capacity", which is 
consistent with the use of xylanase in the above discussed articles. Thus, the attached articles 
including Breton show that xylanase does not bleach the pulp. 

Since xylanase treatment cannot result in bleaching the pulp, the xylanase treatment 
described in Heikkila similarly cannot bleach the pulp. Thus, Heikkila fails to disclose or 
suggest the step of providing an at least partially bleached pulp as recited in independent Claims 
1,35, and 48, or a soiirce of an at least partially bleached pulp as recited in Claim 26. Since 
Heikkila fails to disclose or suggest each and every step of Claims 1, 26, 35, and 48, these claims 
and any claims dependent thereon are patentable over the cited reference and it is respectfully 
submitted that the rejections under 35 U.S.C. § 102 and 103 have been overcome. 

B. Heikkila does not disclose a pre-hydrolyzed pulp. 

Heikkila fails to disclose or suggest the step of providing a pre-hydrolyzed pulp, or a 
source of a pre-hydrolyzed pulp. The Examiner alleges that Heikkila teaches the "treatment of 
the pulp with an aqueous solution of an alkali before the xylanase treatment." It is the 
Examiner's contention that the pre-treatment of the pulp with an aqueous solution of an alkali 
qualifies as pre-hydrolysis of the pulp. Specifically, the Examiner quotes the following excerpt 
from Heikkila: "in the alkali treatments optionally included in the process of the present 
invention, the solid pulp material to be treated is contacted or digested with an aqueous sodium 
hydroxide solution at a temperature of about 50 to 100° C." See page 4 of the final Office Action 
(quoting Heikkila column 6, lines 28 - 3 1). Hiekkila further elaborates on column 6, lines 37 - 
40 that in the alkali treatment the "concentration of the sodium hydroxide in the aqueous sodium 
hydroxide solution is normally about 8 to 12 weight percent. . . ." 

Contrary to the Examiner's assertions, the alkali treatment described in Hiekkila is not a 
pre-hydrolysis treatment. In the kraft pulping industry, pre-hydrolysis has a specific meaning 
which refers to the pretreatment of the pulp under elevated temperature (e.g., 150 to 180° C) and 
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in an acidic environment. To help explain the meaning of term "pre-hydrolyzed", Applicants 
have provided an explanation of the term from Ingruber et al, Editor, Vol. 4 Sulfite Science & 
Technology, Pulp and Paper Manufacture, 3d ed., pg. 233 (hereinafter "Ingruber"). Ingruber 
describes prehydrolysis as an acidic pretreatment. Ingruber states that "[t]he prehydrolysis stage 
normally involves treatment of wood at elevated temperature (150 - 180° C) with dilute mineral 
acid (sulfuric or aqueous sulfur dioxide). ..." Id. From Ingruber, it can be clearly seen that the 
term pre-hydrolyzed refers to a specific process in which the wood is treated in acidic conditions 
at elevated temperatures (e.g., 150 - 180° C). This is completely different than the alkali process 
described in Heikkila, which uses a basic solution (i.e., sodium hydroxide) at temperatures that 
are well below the temperatures used in preparing a pre-hydrolyzed pulp. Based on this 
understanding, it is clear that the alkali process described in Heikkila cannot be considered a 
prehydrolyis stage, and a pulp derived therefrom cannot be considered a pre-hydrolyzed 
cellulose pulp. Thus, Heikkila fails to disclose or suggest the step of providing a pre-hydrolyzed 
pulp, or a source of a pre-hydrolyzed pulp. Since, Heikkila fails to disclose or suggest a pre- 
hydrolyzed pulp. Claims 1, 26, and 35, and any claims dependent thereon are patentable over the 
cited reference. 

In view of the foregoing amendment and remarks it is respectfiilly submitted that the 
rejections under 35 U.S.C. § 102 and 103 have been overcome, and that the pending claims are 
in condition for immediate allowance. 

Conclusion 

It is not believed that extensions of time or fees for net addition of claims are required, 
beyond those that may otherwise be provided for in documents accompanying this paper. 
However, in the event that additional extensions of time are necessary to allow consideration of 
this paper, such extensions are hereby petitioned under 37 CFR § 1.136(a), and any fee required 
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therefore (including fees for net addition of claims) is hereby authorized to be charged to Deposit 
Account No. 16-0605. 
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BLBACH BOOSTING OP 1CR2UPT PU1.P TJSINQ AliKXLlNB KBHICSLLULASGS 



ABSTRACT 

Two alkaline xylanase preparations completely free of cellu- 
lose activity were tested for their ability to enhance the 
bleaching of softwood Jcraft pulp without causing any adverse 
effects on the strength properties. 

Both enzymes show good bleach boosting effects at pH 8 aftfl 9, 
respectively, without negatively affecting the strength 
properties of the pulp. Reduction in kappa number of up to 
19% is obtained for an enzyme treated pulp compared to a 
control after a (D50 C50) B bleaching. 



KEYVORDS 

Enzymes, Xylanaaes, Bleaching, Kraft Pulp 



IKTBODUCTIOXT 

The kraft pulping process the most common method used to 
produce a strong and bright pulp for high quality paper 
products . 

Art unbleached Kraft pulp typically contains 3 to 5 percent 
residual lignin, which is removed in a multistage bleaching 
process involving oxidation and extraction stages. Norttvally 
one or more of the oxidative stages use chlorine or chlorine 
containing compounds as the oxidizing agent t The effluent 
from such bleaching plants is of growing environmental 
concern due to their content of numerous chlorinated organic 
substances, including chlorinated phenols and dioxins.[Mc- 
Kague, Jarl, Kringstad, 1989 ] . There is great interest in 
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reducing the use of active chlorine in general, and cij. In 
particular as this will reduce the pollution load of the 
effluent roeasured as AOX including chlorinated dioieins and 
dibenzofurana [Ascegird, Renberg, 1989], which are of great 
conoetm. 

One of the emerging technologies for reducing the amount of 
chlorine used in the bleaching of kraft pulp is the use of 
enayjnee as. A pleach booster. By treating a brown stock pulp 
with a xylanase, prior to the conventional bleaching se- 
quence, the use of active chlorine in the subsequent bleach- 
ing stages can be reduced. 

This concept of using a hemicellulase to improve the bleach- 
ability of a kraft pulp was originally presented in 1986 by 
[Viikari et al.,19863. Since then a number of articles and 
papers have been published on this subject, eg. [Viikari et 
al., 1987], [Kantelinen et al., 1988], [Jurasek, Paice, 
1988], [Paice, Bernier, Jurasek, 1988] and [Clark et al . , 
1989]. These papers show that the active chlorine dosage for 
bleaching a kraft pulp to a given kappa number after a (DC)E 
bleaching can be reduced by 15 to 25% dependent on the wood 
source and the enzyme u&ed. All enzyroe treatments are carried 
out at temperatures between 40 and 50 'C, at pH between 4 and 
5, pulp consistency 2.5 - 5% and treatment times of 12 to 24 
hours . 

The exact mechanism of the enzyme action on the pulp is not 
fully understood, structural studies of the lignin hejnicel- 
lulose matrisc [Pengel, Wegener, 1989] show that the lignin, 
and side groups on the polyoses are linked together in a 
three dimensional matrix by a number of ether and ester 
bonds. A possible' explanation may be that the enzyme partial- 
ly hydrolyses the xylan polyraer releasing lignin fragments 
with short hemicellulose chains attached to it. The partial 
hydrolysis also allows for increased swelling of the pulp 
which facilitates the removal of the chlorinated/oxidized 
lignin fragments in the alkaline extraction stage. 

Recent literature suggests [Puis et al., 1990] that xylana- 
ses, due to their molecular size, are not able to penetrate 
into the pulp fibers and therefore only act on the xylan at 
the surface of the pulp. This corresponds to the observation 
[Viikari, 1990] that the degree of bleach boosting effect by 
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xylanaees correlates to the amount of repreoipitated xyLan on 
the surface of the fibers. 

Thd «nzyine stage can not be considered a traditional bleach- 
ing stage as it does not show any bleaching effect in itself. 
It improves the performance of the subsequent bleaching 
stages or boosts the bleaching. 

For Industrial scale application the most relevant site to 
introduce the enzyme stage is prior to the first chlorine 
containing bleaching stage in order to reduoe the amounts of 
effluent, from this stage. 

In a kraft mill the pulp is normally at alkaline pH, and 
residence times of wore than 2 to 4 hours are normally not 
available in between the digester and the bleaching plant . 

None of the bleach booating applications of hemicell«ilaaea 
described in the literature deals with hemicellulases that 
meet these conditional requirements. All the enzymes men- 
tioned are working at aoid PH (4 to 5) and seem to require 
long treatment times (12 to 34 hours) , 

The aim ,of the work presented below is to demonstrate that 
alkaline xylanses completely free of cellulase side activity 
are able to boost the bleachability of softwood Kraft pulp 
under conditions as close as possible to mill conditions. 
The paper is based on results obtained with two different 
alkaline xylanase preparations. 

MATERIALS 

Sn?YmeS} 

Two cellulase free, alkaline xylanase preparations have been 
tested. The two preparations named SF473 and 8P406 are xyla- 
nases of bacterial and fungal origin, respectively. 

Pulp : 

All the work on eP473 and the dosage, pH and temperature 
response experiments on S5406 have been carried out on Oj 
delignified Swedish pine kraft pulp. Initial kappa numberj 
16 . 7 . 
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The last: se-t of exper-iments with S740S was made on mixfid 
North American aoftwpQd», Initial Happa numbers 26.2. • 



METHODS 



Th& enzyme activity is measured as find© Xylanase units (exu- 
units) - The method is based on colour release from blue dyed 
scylan [Biely et al.,l985]. 

The enzyme is incubated for 30 minutes with Remazol Brilliant 
Blue dyed xylan at pH 9.0 and SO'C. Afterwards the non degra- 
ded substrate is precipitated with ethanol. The blue colour 
of the supernatant is meaaured at 585 nm and the activity is 
determined relative to the colour release obtained by an 
enzyme standard [Kovo Nordisk K/B, Analytical Method, 1990] . 

Monasaceharide analvgfisi 

The liquid phase obtained from the enzyroe treatment stage is 
filtered through a o,45 fim filter. The filtrate is freeze- 
dried and hydrolyzed for two hrs using 2 N Trifluoroacetie 
acid (TPA) at 100 'C. The TFA is then removed by evaporation 
and the sample is redissolved in demineraliaed water. The 
monosaccharide composition of the hydrolyzed sample is deter- 
mined by Ion Exchange HPLC followed by electrochemical 
detection. [Hardy et. al., .1988] 

Pulp and Paper Analysis ; 

The kappa nuiaber, -viscosity, tear and tensile strengths, 
brightness and density are all determined according to the 
SCAN standards. 

Enzyme Treatment! 

The enzyme treatment of the pulps has been carried out at a 
temperature of 50 "C and 10* consistency for 3 hours. The pH 
was controlled by using a Britton Robinson Buffer, The 
enzymes were doged baaed on EXU-units. Control samples ("o 
EXU/k«j") were run in parallel with the samples receiving an 
enzyme treatment, but with addition of demineraliaed water 
instead of enzyme solution. 

The pulp was washed with cold demineralized water after the 
enzyme treatment. 
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j;pr^E bleaohina sacmencej. 

(DC)E bleaching trials have been carri^cl out using 50 % 
sufcBtitution with chlorine dioxide at the following con- 
ditions: 



Temperature 
Time 

consistency 



(]>S0 CSO) stage E Stage 

40'C 60'C 

45 min 60 min 

5 % 10 % 



The amount of NaOH applied in the E stage is adjusted 
according to the dosage of aCl in the (DC) stage. 

rpSQ GSO^ED Blaaching sequence; 

In order to determine the overall savings of active chlorine 
as well as effects on the strength properties the pulps were 
bleached to final brightness. 

The experiments are made in the- following way. The enzyme 
treated saniples and the. control are bleached to the same 
kappa number after (D50 C50)E by adjusting the aci dosage 'in 
the (D50 CSO) stage. (D50 CSO) E bleaching conditions as 
listed above. 

The conditions used in the D stage were 70°c for 3 hrs at 10% 
consistency, and pulps were bleached to the same final . 
brightness . 



RESULTS AND DISCUSSION 

SP473 

Dosage response trials were performed with an enzyme stage 
followed by a (D5o C50}E bleaching segruenoe. The enzyxxe 
treatment was performed at pH 8.0, 9.0 or lo.o. 

In Table l the results at pH 8.0 are shown. A good enzyme 
effect is observed. At pH 9.0 only half the effect is seen 
and at pH lo.o no sffact is observed, (data not shown). 
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TABLE 1, Results from Stt473 dosage re gponsa trial 
at DH 8.0 and so'c. 



ENZYME 


AFTER 


ENZYME 


AFTER 


(DSO C50]G 


DOSAGE 










(EXU/kg) 












reduotlon 




reduction 


0 


14.95 


Basis 


4.22 


Basis 


50 


14.60 


2 % 


3-81 


ID % 


124 


14.43 


3 % 


nd 


nd 


247 


14.22 


5 % 


3.55 


16 % 


743 


14.11 


6 % 


3.44 


19 % 



In Che (050 CSO} aCag* all pulpc «r« bUaehwi using the urn ddaagt of activt 
chlorine, nawly 0.2 times tha Icoppa nuntMir of the eentrol (0.2*14.«l - 2.99 %•> 



The monosaccharide composition of acid hydrolysad samples of 
water pressed out of the pulp after the enzyme stage are 
given in Figure 1. 



00 1SB 260 760 . 

3P473 Dosag« (EXU/kg) 
lAra ^G«l Wqw ^ Kyi OlbtBl 



Figure 1. Monosaccharide Composition of acid 
hydrolysed samples of the filtrate after the 
Enzyme stage. 



From Figure l it is clearly seen that SP473 is a xylanase 
without any significant celliilase activity. The xylose 
content of the sample accounts for 85-90 % of the total 
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monosaccharides present, whereas glucose is hardly datec- 
table. 

Ihe hemicellulosQ component of softwood expected to be in 

largest quantity at this stags in the process is arabino{4-o- 

inethyl-glucorono)xylan with a proportional relationship 

between xylose and arabinose of around io:i.3. [Eriksson, K.- 

E.L. « R.A. Blancliette; R.A. and Ander, v., 1990]. 

The data in figure 1 shows a xyloss-arabinase ratio of about 

10:1. 

To compare the monosaccharide analysis with bleaching 
results, the kappa number after (D50 C50) E and the xylose 
and total monosaccharide content were plotted versus enzyme 
dosage (Figure 2). 



ppm Kappa Number 



4.0 



4 



3.6 



. 3 

a 200 400 600 eoo 

SP473 Dosage (EXU/kg) 



Xyl -•- Total " K«pp« Nr atJ»r (OOE 



Figure 3. comparison of Kappa Nuwber after (DC)E 
stage with the xylose and total monosaccharide 
content of acid hydrolysed samples of the filtra- 
tes after the enzyme stage. 

The kappa number reduction versus enzyme dose is mirrored 
concomitant to an increased release of monosaccharides. 
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optimum temperature and pH conditions for enzyme effica-cy 
were determined by measuring the release of monosaochariaes. 
The effect of pH ana temperature are given in figures 3 an<3 
4, respectively. 

The data show the optimum pH and temperature is 8 and 30 *c, 
respectively. 



^ Qui 
Olu 
^ Xyl 
^ Man 
CD Total 



Figure 3. Monosaccharide content of acid hydrolyr 
sed samples of the filtrate after enzyme treat- 
ment at 50 'C and various pH values. The * desig- 
nates SP473 treated (515 EXU/kg) , whereas the un- 
marked figures are controls. 





ppm 


aoo 

400 






300 
















too 

100 
0 








1 







■1 Ars 

^ Gal 

^ xyi 

^ M«n 

C3 Total 



40 *0» 50 60» SO BO* 
Tsmp9r«tur« ( C) 



Figure 4. Monosaccharide content of acid hydroly- 
sed samples of the filtrate after enayme treat- 
ment at pH 8.0 and various temperatures. The * 
designates SP473 treated (515 EXU/kg) , whereas 
the un-marked f inures are controls. 
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A (D50 C59>E bleacHing sequence was performed on pulps 
treated with SP473 dosages of o (=« control) and 575 Exu/3cg 
dry pulp. The bleaching results era listed in Table 2 below. 



gABLE 2. Data concerning the roso C5Q)E stage. 





CONTROL 


SP473 


K-no after enzyme 
Stage 


15.85 


15.02 


aci dosage in (D50 
CSO) 


3.48 % 


3.15 % 


K-no after (DOS 

C50)E 


2.93 


2.62 



It is seen, that at least a 9.5 % saving In acl dosage in the 
(D50 CSO] stage can be obtained. 

After the final d stage, where the pulps were bleached to 90 
%(IS0) brightness, viscosity as well as strength propecties 
were determined. Table 3 shows the intrinsic viscosity [r?] 
and DP [calculated according to Evans, S. , Wallis, A.F.A., 
1987] . The results from strength properties testing are given 
in figure 5. From these results it is seen that SP473 doss 
not adversely affect the strength properties of the pulp. 

Finally, treatment with SP473 resulted in an overall yield 
loss of only O.S% relative to the control. 



Tabt^ 3 ViscosiiiY Of thff PMlpg 





CONTROL 


&P473 


[rj] {dinVKg} 


869 


S63 


DP 


3210 


3185 1 
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Figur* 5. Comparison of selected handaheet properties for 

control ( ) and SP473 (-x- -) treated Swedish 0- 

dalignified Jcraft pine pulpa. 



SP406 

Dosage response trials for tftie enzyme were made in the same 
way as previously shown for SP473. The enzyroe treatment was 
performed at pH 8.0, 9.o or 10,0, respectively and followed 
by a (D50 C50) E stage bleaching. The enzyme is performing 
well at both pH- 8.0 and 9.0, At pH lo.o a alight enzyme 
effect ia seen. The results obtained at pH 9.0 are shown in 
table 4. 
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TABLE 4. Results from 5P4Q6 dosage responRa fn ml 

at pH 9.Q and 5q,:,c„,, 



ENZYME 


AFTER 


ENZYME 


AFTER 


CD50 C50)E 


DOSAGE 












x-no 


x-no 


x-no 


H-no 


(EXU/kg) 




reduction 




reduction 


0 


14.45 


Basis 


3.43 


Basis 


150 


13 .80 


4,5 % 


2.98 


13 % 


250 


13.62 


5.7 % 


2.83 


17 % 


500 


13 .40 


7.3 * 


2.71 


21 % 


1000 


13.15 


9.0 % 


1 2.74 


20 % 



temparature a&d pH curves based on Monosaccharide analysis of 
water pressed out of the enzyme treated pulp are given in the 
figures 6.-*7. 



From the Figures it is seen that SP406 is a cellulase free 
xylanase. The enzyme shows good performance at temperatures 
up to 50 *c and pH up to 9,0. 



8.6 8.6* 9 9« «.« 8.6' 

Reaotign pH 



9 i(ylo«9 ^ Total 



Figure 6. Monosaccharide content of acid hydroly- 
sted samples of the filtrate after enzyme treat- 
ment at 50 *C and various pH values. The * desig' 
nates SP406 treated (1000 EXU/kg) samples, 
whereas the un-marked figures are controls* 
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Figure 7 , Monosaccharide content of acid hydoly- 
sed samples of the filtrate after enayae treat- 
ment at pH 8 » 0 and various temps . The * desig- 
nates the SP406 treated (lOOO EXU/lcg) samples, 
whereas the un-marked figures are controls. 



Bleaching to BS %iso brightneea was performed on North 
American softwood pulp. The bleach boosting stage was 
performed at pH 9.0, 50 *C and 10% consistency for 3 hours and 
dosages of SP406 corresponding to o (control) and 1250 EXU/kg 
dry pulp/ respectively. Results arc given below. 



Tjfff;.E 5. Data Qpngerninq the fp5P C5P)E Stflge. 





CONTROL 


SP406 


K-no after enzyme 
stage 


25.54 


25.40 


aci dosage in (D50 

C50) 


5.56 % 


4.82 % 


K-no after (D50 

C50)E 


5.04 


5.24 



It is seen, that a 13 % saving in aci dosage was obtained. 
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After the final D stage, where the pulp is bleached to 85 
%ISO brightness, the strength properties were tested. The 
results are given in Figure 8 below. 
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rigura 8. Comparison of selected bandsheet properties for 

control ( ) and SP406 (-x ) treated North American 

mixed softwood kraft pulp. 



The SP406 treatment does not give any adverse effects on the 
strength properties of the pulp* 



COHCLI7SION 

The aim of the reported work is to show that alkaline 
xylanase preparations completely free of cellulase activity 
are able to boost the bleachability of kraft puip without 
negatively affecting the strength properties. 

This is demonstrated for two different alkaline xylanase 
preparations. 
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From our previous work made with other xylanases it is -)«50wn 
that the benefit of an enzyme bleach boosting stage can be 
taJten to shift the degree of substitution in the first 
bleaching stage towards higher chlorine dioxide levels while 
maintaining the total dosage of active chlorine. The sane Is 
expected to be the case for these enzyme preparations. 

The reduction in active chlorine obtained in this study is 
lower than previously reported in the literature. The reason 
is that the enzyme treatments were carried out on the edge of 
the working range of the enzymes with regard to pH and 
temperature. This was done in order to resemble mill con- 
ditions as closely as pbssibls. if the enzyme treatment had 
been carried out at optimal conditions for the enzymes better 
performance would have been obtained. 

The isolation of more alkaline and thermostable xylanases 
that even more closely match the conditions of the pulp after 
kraft cooking is predicted for the future. 
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jHEUSi OF ENZYMES 
TO DECREASE THE REQUIREMENTS 
IN PIAP BLEACHING 

Xylanase enzymes improve effectiveness of convenfionql chemical bleaciiing 

BY J.S. TOIAN AND R. VEGA CAMOVAS 




R. Vega 
Canovas, CPFP 
Resaarch Ltd., 
Hawkesbury, 



XvLAMAsz ENZYMES have been 
vldaly reported co improve the 
effectiveness of conventtoaal 
bleaching chenjicab in removing lignin 
from hardwood and'softwood kraft 
pulp [1-4]. Xj'lanaie enzymes pardally 
hydrolyze the heraiceUulose pordon of 
pulp. These eniymea contain only oain- 
imal amounts of the activity for degrad- 
ing the cellulose and HgtUa fractions of 
Che pulp (Le. ceUuIaae and ligninase). 
Siirprisin^ly, lignlnase* have not been 
effective in enhandnjr pulp bleaching 
II]. Cellulasea have not helped in the 
bleaching of pulp and have had a dele- 
•■ftiioui effect on pulp yield and quality. 

Although the precise mechaniam by 
which jtylanase enhances piUp bleach- 
mg IS not clear, it appears that a partial 
hydrolysis of xylan improves die suscep- 
tJbiUty of llgnlu to removal by the ttib- 
sequent chloiinadon and alkali extrac- 
tion stages. Xylan conjtimtes over 90% 
of the hemicellulose in hardwood kraft 
pulp and 50» of that In *ofh»ood pulp. 
Xylan certainly creAtea s physical 



barrier to chlorine and sodium hydrox- 
ide accessibiUQ' to the lignin. In addi- 
tion, there is evidence that xylaa and 
lignin are chemically bound [B], ft i( 
possible that xylanase cuu these link- 
ages, thereby enhancing lignin removal 
by both chlorinadon and alkali cxtrac- 
don. 

In published laboratory studies, 
xylanase enzymes have been used to 
treat washed brownatock prior to 
bleaching, Typical conditions for 
xylanase treatment are 18 h at 50°C, 
pH 5. The eniyme treatment has been 
shown to bicreaw the amount of lignin 
that can .be extracted by aikaii. After 
extraction, the kappa number of the 
entyme-treaied pulp is S to 4 units less 
thaft untreated pulp [XMI- Patce, «t 
al. [3] made handsheets from enryroc- 



treated pulp with no compromise in 
freeness, burst, tear, or tensile 



Mill scale tiitds of xylanase treat- 
ment have been carried out successfully 
on softwood kraft pulp on a producdon 
scale [6], Enzyme was used in an 800- 
conne pulp run with the bleaching 
sequence (DCIEDED (80% substitu- 
don of chlorine ditMdde for chlorine in 
dcligniflcation). Xylanase decreased 
the bleaching chemi^nl requirem<;qts 
by 12% relative to untreated 
(BOSDED pulp. The xylanase-treatftd 
pulp had equivalent tensile, burst, and 
tear strengths to the untreated pulp. 
These results indicate that xylanase 
treatment can be taplemented on a 
largie scale. 

The subject of th(j report is the 




MO1S;^CVDAT11M00M2:08:23PM [Eastern Standitfd 



NOV-08-2006 12:09 PM 



tn Sfa (CD)EDE» ble«chi«g s=quenee, 
UbtenLg. We also J^/^J^g;"^, 

with high cblorint d.o«ide 

substitution. 

©XPIRIIWEHTAIWORK 

mshed softwood kraft browwwck 



WW obtaifled from an eastern Canadian 

'"'"loeen wlanase cnzy»«c wa» d 
the /n\yZ trea«nents. It is a Uq^d 

Twelve » 17 gram' oS^v-lp (dry bwta) 
v«, diluted with water to 10% solids 
«mT«ency, then 



brOMgW through the ^'^^ J^^'*''^^"' 

S r^^^i- of 2000 u"its/-L 

(towed on hydrolysis of ost spelt xyiB«J 
and negligible cellulasc 8«ivit)'- 

In moft esiperimentJ, the pulpjif P" 
pa number 27.8) w« ftiUy Reached to a 
5ug?t 90 brightncs by a conventiona^ 
(CD)EDED bleaching sequence, with 
10% Chlorine dioxide substitutjor in 
chlorinadon itag.. The (CO stage 
rtiried out at 2,6% consii^tency m 




estAGE KAPPA NUMB51 



WITH KAPPA rACTOR O^^^^IN ^ MOST OF 




DIOXIDE ^PfSg wf/S >-/• 

^JfTSSVSv^^^^^^^^ .0 BRIGHT- 
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Maaonjftrs. 

Chlorine and chlorine diO«iSc were 
premiKcd anij then added to the pulp. 
The temperature waa maincainecl at 
40°C in » water bath. The reiidual chlo- 
rine was measured at the end of the 
(CD) stage and ytast always leiS than 6% 
«f the inittRl ankeunts. The E^tage kap- 
pa number and the bri^htuesa of the 
pulp after (CD) ED bleaching «mi alM 
msMured. Sxtraction 9tage« were car^ 
ried out at a cawdc loading of 0.6 timej 
the active chlorine in the chlorination 
stage. The pulp yield was not meajsured. 

In some cases, 430 ^ (OD} pulp tanv- 
ples (kappa number 32.3) were treated 
in a atirred tanlc reactor. FoUowir^ the 
etttynte treatment, the pulpa were 
bleached either by the fj>±i, 
C60+Ds)(Eo)DED or Dioo(Eo>DE!) 
bleaching sequences. For the (04^, 
Cgo+Dg) stage, the time lag between 
initial chlorine dioxide charge and the 
addition of chlorine plwi chlorine dioX' 
ide waa two ffiin. Standaitl (Eo)-atage 
treatments were carried out on these 
pulps. 



associated with lignin's aromadc ring, 
Selisnificadon by (CD)E stages after 



ESULTS a DISCUSSION 

Stwyme treatnettt; The major «Secis of 
xylanase treatment are only apparent 
After subsequent bleaching. The 
xylanase enzyme treatment, without 
further prpcesting. has very little evi- 
dent effect on the softwood pulp. 
Xylanase treated pulp, when washed 
with water, has an insignificant 0.5 unit 
decrease in kappa number relative to 
untreated pulp, The xj'lMiase solubi- 
lizes 2% of the lignin .in the brown- 
stock, as indlcftted by absorbance mea- 
surement at 281nm, the wavelength 



stage kappa number of alx>ut two units 
relative to untreated pulp. Fig. 1. This 
allows a 20% decrease in Chlorine use 
to delignifypulp to kappa number 4 to 
S. A 10^ chlorine reduction is 
obtained at kappa number 6 to 8, 

Pulps dclignified to a given E-atage 
kappa ititmber are also easier to bright- 
en m subsequent (DED) stages if they 
have undergone xylanase treatment. 
When treated and untreated pulps of 
the same E-stage kappa number are 
compared. Fig. 8, treated pulps demon- 
stiate a lower chemical requirement to 
reach the same brightness. 

The results Indicate that-firom a giv^ 
en E-Jtage kappft number, 15% less 
chlorine dioxide is required to reach a 
given brightness level for enzyme-treat- 
ed pulp than for untreated pulp. 
Therefore, a ..xvlanase treatment 
enhances the performance of conven- 
tional bleaching chemicals in both the 
brightening and delignificadon stages. 

Xylanase's ability to improve both 
deti^nificatioa and brightening is iur> 
prising in comparison to other bleach- 
ing chemicals. Chlorine dioxide subsd- 
tution in the cblorination. stage 
decreases the amount of active chlorine 
raqxiircd to reach a ghren £-stagc kappa 
number, but has no effect on jubse- 
quent brightening 17], Oxygen deUgni- 
ficadon has a substandal effect on (he 
delignification stages. Although there 
have been tome reports of enhance- 
ment of the brightening stages [8,9] 
this point i« not dear. 

Xylanase enayme acts to enhance 



bleaching by a different meehanism 
than does oxygen, chlorine,, chlorine 
dioxide, and other chemical methods. 
Some Ugnin which may be pardcularly 
recalcitrant to removal by chemical 
treatment, because It is chemically 
bound to carbohydrates, might have its 
removal facilitated by xylanase's novel 
attack mechanism. 

Enzyme treatment tHne; Xylanase treat- 
ment can give an 8 point brightness 
gain in a (CD)£D bleaching sequence. 
Fig. S. Roughly two thirds, of this bright- 
tiesj gain is achieved after only one 
hour of treatment. The fact that the 
brightness boost is inscajitive to the 
treatment time shows that there is flexi^ 
bility l» the implementadon of enzyme 
treatment in a mill. 

Ch«mic»l tiavings from ens^e treat- 
ment: Xylanase'j brightening capability 
can be used to decrease the ClOj 
requirement to reach 90 brightness by 
as much as 50%, Fig. 4, for a given kap- 
pa factor in the cblorination stage, 
Xylanase treacment is effectively a sub- 
stitute for 5 kg/t of chlorine dioxide. 

Tesdng similar to that shown in Fig. 
4 was carried out at various chlorine 
Icstdings in the (CD) stage. The results 
are used to determine the combina- 
doae of chlorine and chlorine dioxide 
required in (CD)EDED bleaching to 
reach 90 brightness, as shown in Fig. 5. 
As one would expect, the chlorine diox- 
ide requirement increased with 
decreasing chlorine use in the (CD) 
stage. As the Chlorine is decreased to a 
low level, a critical chlorine level is 
reached, below which 90 brightness 
cannot be obtained. This minimum 
Chlorine level is about 48 kg/i for 
untreated pulp and 39 kg/t with 
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le oreaaneni. 
e 5 iUuitntet th« options for 
decTBaiittg chemiciil requirements. 

• ChUfinttatiingfrA conjtant level of 
chlorine dioxide is used in the D, and 
D2 sta{[es while chlorine loadings are 
varied 10 mfttetain the same level of 
brigfhmet* with or vdthout enzpne. To 
achieve 90 brightness with 13 kg 
ClOj/t requires 60 kg Clj/t without 
enxjrme treatment &nd 48 kg Clg/t vAA 
enzyme treatment. The chlorine 
decretise is 12 kg/t, or 30%. Decrease 
in chlorine can be expected to lower 
OTgftno-chloride discharges and hleach- 
tng costs. 

• Chlorint dioxldt savings: By using 
enzyme treatment, a constant level of 
chlorine can be used while chlorine 
dioxide loadings in the Dj, and Dj 
stages are decreased. To achieve 90 
brightness with 60 kg Clj/t requires 13 
kg GlOf/t without enzyme treatment 
and 8 leg ClOj/t with enayme treat- 
ment. The chlorine dioxide savings Is 5 
kg/l (40%). Freed up chlorine dloidde 
generating capacity might then be used 

■ to increase the level of ClOs subsdiu- 
' don in the (CD) stage, which might fur- 
ther enhance the bleaching [8] . 

• CewiWnAi ehletint and ekbiHnt dhxUU 
satdngs: An intermediate . choice 
between the previous tvwo options I* to 
take a combination of chlorine and 
chlorine dioxide savings. This might 
lead to the lotvest cost operation of the 
bleach plant with enjyJne treatment. 
The choice of tlie lowest cost operating 
conditions depends on the relative cost 
of chlorine, chlorine dioxide, and alka- 



li. The level of alkali is lct«cncd by 
ebeyme treatment In proportion to the 
decreased requirements of active chlo- 
rine in the (CD) stage. 



UBSTITUTION 

The trend toward high levels of 
chlorine dioxide substitution in the 
chloiination stt^e has recently accelei>- 
ated, due in part to environmental con- 
cerns over chlorine use. Preliminary 
testing of the effects of enzyme treat- 
ment on the chemical requirements in 
bleaching sequences with 50 and 100% 
chlorine dioxide substitution was ear' 
ried out. The enzyme treatments were 
for one to two hours because this gives 
most of the benefit obtained with 
longer treatments, Fig. S, and allows for 
flcabllity in mill imprcmentaiion. 

Figure S shows the results of enzyme 
treatment followed by a (DC) (Eo)DE» 
bleaching sequence, with 50% chlorine 
dioxide substitution in the (DC) suge. 
Enzyme-treated pulp requfares 14 kg/t 
less total acUve chlorine to bleach to BO 
brightness. The decrease in chemical 
usage is 16%. This decreased active 
chlorine requirement is a combination 
Of decreased CU (from 30.V kg/t to 
2S.0 kg/t)) and chlorine dioxide use 
(from 22.2 kg/t to 18.8 kg/t). The 
decrease in chemical requirements are 
of the same magnitude, as those 
obtained with enayme treatment fol- 
lowed by the <CD)ESED bleaching 
sequence with 10% chlorine dioxide 
substitution. 

Figure 7 shows the resulu of emyme 



traltsmenT simple de la pfite non bianctito, 

_^ Ulgntflcstlon afflcaoB qua 5 i 7 kgAonne de 

002. Lctra du Winchfrnent eonventionslte (CDJEDED, I'onjyma peut «« utitto* pour dlmln- 
M^r de 20% !• CI3 aetif utllM pour Is premier sade du blBnctilmam, ou pour diminucr de 6 
ks/(t)ivi* la aOi utlllsA pour la britlsnoe de la pAta On abtiant dss r<sultats wnslblernent 
rTHdlliurs du traltament sux ensymaa dins les sdqusnoes ds bIsncMmtnt dont le remDlsc»- 
mint ds bioxyde de ehlm'est 0l>vA. Seton las besoiite d'una uslne dennie. le tnltemeni 
aux sniymes peurwlt etra u^ltoA-pour dlmbiusrlm nhreaux de shierfitlon, « par «giv«qii^ 
ICS resets da COHA teomposH BrBanlquea halog«n<t adserbaWw), .w pour libBitor ta bbpbi^ 
M de 9«n«ra0on de blqieyda da ehktre. 



bleaching sequence, with 100% chlo-. . 
rine dioKide substitution. Enzyme treat- 
ed pulp requires 15% less chlorine 
dioxide to bleach to 90 brightness; the 
enzyme treatment saves 7 kg QO^/t of 
pulp. The benefit of enzyme treatment 
is slii^tly greater than that obtained at 
10% and fiO% chlorine dtoxide subsd- 



9 



ONCLUSIONS 

Xylanase enzyme, used in a Simple 
treatment of unbleached pulp, has the 
same delignification and brightening 
capability as 5 to 7 kg/t of CIO3. The 
enzyme can be used to decrease the 
active Clj used for the first stage of 
bleaching by S0% or decrease CiOg 
used in brightenmg by 5 kg/c. 

Slightly greater benefits of enzyme 
treatment are obtained in bleaching 
sequences with high chlorine dioxide 
substitution, Depending .upon the 
needs of a given mill, enzyme treatment 
could be used to decrease chlorinadpn 
levels and thus AOX discharges, or to 
free up Chlorine dioxide generation 
capadQ'. 
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Bleachability Improvements of Kraft Pulp by 
Alkaline Leaching and Xylanase Treatment 

J. LI, M.G. PAICE, J.M. MacLEOD. and L JURASEK 



The bleachability of softwood krqft 
pulp eon be irnproved Ify xylanase treatment 
or by alkaHnf (gachlng. When used sequen- 
tially, the two processes 4o not compkment 
each other in impruving bleachabUisy, so 
combiHing thm is not recommended. Their 
mechanisms have been investigated by 
analyzing tht rvmoval ofhemicellulose and 
lignin during the treatmtnts. Whether by 
alkalUm ttaefiing erxylmase treatment, the 
improvement in bleachability results from 
redudng the restricting roU thai hemicellu- 
k>s& play In the removal of lignin macro- 
molecules. However, the mechanisms are not 
exactly the samei xylanase specificaliy hy- 
drolyiesxytan, while alkaUne leaching ran- 
dtmiy extracts short-t^ltt cayhahydrates 



'P— 4M. Mat^eod and L. JurasBk 
" g Paprlcan 
^ 570 8t John's Blvd. 
Points Claire, QC . 



INTRODUCTION 

Ccmccra about chlorinated organic 
compoimds faes prompted the pulp and paper 
industry to reduce the use of oWoriiie and 
chlorine compounds in pulp bleaching. 
Methods of deoieflslttg itit use of these 
chemicals include: (s) reducing the lignin 
content of tlw iwownstock entering the 
bleach plant, ssx^ as by extended pulping 
[1-3], and l>y lUkaline lescWng [4]; (b) im- 
proving the bleachability of the ptii^s, such 
as by xylanase treatment [5,6]; and (c) using 
aJtemefive bleachiog leag^its, such as oxygen, 
oswne, peroxide, etc. [7-10], 

Recently, we demonstrated that 20- 
30% of tbo residual lignin can be leached 
&om water-washed, unbleached kiaA pulps 
in less than 1 h using 0.1-1 .0 mol/L NaOH 
at lOO-C [4,11]. This fast leaching rate was 
explained by invoking reversible lignin 
a^sociacion phenomena known for almost 
throe decades [12.13], Enhanced lignin 
removal during washing at elevated pHs bas 
also been reported by others [14,15].bntwBs 
ptDbably in part due to otiicr effects. In one 
case, the nte of alkaliiw degiadfttioii 



teactioa of Ugnin was still slgnlfioMit at 
ISCC [14], In the other [15], the airin thcii: 
system cotild have led to oxygen deUgiilll- 
cation, 

Tha ability of xylanase enzyme to -,, 
kaprove the bleachability of pulps during 
subsequent chemical bleaching was first 
reported in 19S6 [16], and several mil)* are 
now using the technology routinely [6,17]. 
The improved bleachability tJiatresults Brom 
partial hydrolysis of xykn can be explained 
\n various ways, and is still a subject of . 
debate. Atleast three explanations have been 
proposed; (1) increased flbre swelling [18]; 
(2) oleavagB of lignin-carbohydrate Unlwges 
(16]; and (3) spedfic hydrolysis of reprecipi- 
lated xylan, causing an increase in pdro dzo 
m the hemiceEulose matrix [1 Sk-21]. Any of 
aiese throe effects, or a copibination of them, 
would result in faster diffusion of residual 
U^iMin from the fibre wbUb, and thereby moi© 
t^id bleaching. We ttiought that an experi- 
mental comparison of aiktOine leaching to 
enzymatic hydrolysis would provide abetter 
uBderstetxihig of the ftoedon of beniioenu- 
loses during bleaching, because bo& 
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Fig. 1. The kappAnumlwrs of a aoftw ^-^ ^ 

anua (a), pulp wu tnaud wMi xylanue and waahsd. In group (b), pulp w 
m 0.1 moi/L mOH, and than traatad with xylanm*. in group (p), pulp wm oi 
ln1.0mol/LNaOH. 



treBtments aie known to afifect the caibohy- 



EXPERIMENTAL PROCEDURES 

Hie pulp sample used in thcleacUng 
experiiuBnts was obtaued \iy cooking bkck 
spruce diipB of betweea 2 and 1 2 mm thick- 
ness to 1 600 H-factor in a 20 L digester with 
forced liquor dicuUtlon. Ths pulping can- 
didons were: 18% activo alkali {as NajO, cm 
oven-dry wood), 20% sulphldlty; 90 min to 
170«C, Kqucrwoodof 4il L/kg, Half of the 
cooked chips weiedisintegiatsdin tap water 
and rinsed in it until the mtrate was clear. 
After being left in cold water ovemigW at 
1 % connstency, die pulp was screened on a 
vibrating flat «iie«n with 0.25 mm slots, sad 
was thicSkened to 35% coiMistency prior to 
storage at 4^C. The other half of each batch 
of cooked chips was processed in the same 
way, but with deioniscd watec Hie pulp 
washed with tap water was used as the lef- 
eience sample, and the pulp washed with 
deionized water was the starting sample for 
tiie alkaUve leaching experiments. The 
kappa numbeis ofthepulpswashedwithtap 
water and deionized water wew 30.5 and 
30.2, respectively. It was observed pre- 
viously that the kappa numbers of pulps 
washed with tap water were generally higher 
than those of pulps washed witii deionized 
water. The difference can be as much as two 
kappa units, dependhig on the tag water 
quality. However, because the difference 
was smaill in this case, no distinction waa 
made between pulps wash^ with t^ water 
or dwotiized watet 

Alkaline teacMng experiments were 
performed in 40DO mLErlenmoyet flasks at 
1% pulp consistency [4]. The pulp sample 
was mixed wiOi pre^joUed, deionized water, 
tad ititrogeu was bubbled through the sus- 
pension for 10 tnin to remove aU oxygen. 
Alkaline leeobing was initiated by adding- 



either0.1 ut l,Omo]/LNaOH. During Leash- 



iiigO{peiim8ntfi,niiiogen was bnbWed through 
the leaching solution to eliminate oxygen, 
and gentle agltadon was provided by a mag- 
netic stirrer, Pulp samples were leached fbr 
either 1 h with 0.1 mol/LNaOH, or 30 min 
with 1.0 mow, NaOH at lOO'C [4], 

After leaching, tbepulp san^les were 
washed with d^onized water, dried ia air, 
and analyzed tor kappa number and viscos- 
ity, a$ well as for carbohydrates by hydroly- 
sis and gas chromatography (TAfPI Method 
T 249) and for pentosans (Technical Sectioa, 
CPPA Standard l^isting IMbad G.12). The 
leaching liquors were analyzed for Ugnln by 
UV BpeohXrphotometiy, and for carbohydrate 
concentradon by the modlfiBd anthrone 
method [22]. 

The xylanase treatment of the 
refearenoe and leached pulps' was performed 
with 25 U/g of jcylanase CPulpzyme HB, 
Novo-Kotdisk, Cc^enhagen) at consis- 
tency f ot 2 h at 50°C. One unit (U) ia deSned 
as ^e amount of enzyme that produces 
1 nmol of xylose perminutefixMnlaichwood 
xylan [20]. IHe ]9H was iniHally adjusted to 
4.5 with sulphuric add; after tieatment, the 
pH was between 5 and 6. Subsequent bleach' 
iits waa performed without washing the 
pulp. 

l^e eSb:it of sequential aUcaline 
leaching and xylanase b-eatment was exam- 
ined by testing the bleachability of the refers 
encc, alkaline leached, and xylanase-treated 
pulps in a conventional CoE sequence, 
Chlorination was perfbrmed with a mixture 
Of 80% Ch and 20% aOj, using an active 
chlorine multiple of 0,17 (i*. 0.17 x kt^a 
number). Treatment was for 30 min at 50*C 
and a pulp consistency, of 3.5%. Caiiadc 
extraction was done wifli an KaOH charge 
of 0. 1 1 X icappa number at 70'C for 90 mia. 

The molecular weight disttibution of 
the lignin wa« analyzed at p«[ 13 by the gel 
pecmeatlDn cbromatogtaphy method devel- 
oped by StttlMwn et al. [13]. A70 x 2.i cm 
CQlvxnn was packed with twaUan S^hedsx 
GlOO (aeroBB-linked dextian gel from E%ai- 



maeia). Carbonate-free 0,1 moW- NaOH 
was used as the eluent The column was 
calibrated with polystyrene sulphonaW 
(PSS) standards. The cah"bration curve for 
kraft lignin molecular weight (Mw) versus 
, relative retention volume (Vi) was obtained 
by multiplymg the molecular weight of PSS 
by a factor of 1.7 [13]. 

RESULTS AND DISCUSSION 
Kappa Number Reduction 
by AlKeline Leaching and 
Xylanase Treatment 

Hguro 1 shows the kappa numbers of 
the reference pulps, the pulps leached with 
0.1 and 1.0 moVL NaOH, and the xylanase- 
d pulps. Deionized water was always 
Q ttw washing a^xylanasB bvatment. 
As we showed previoosly [11], asignifioant 
amoimt of BgnJn can be removed during 
alkaline leacfing, even with the pulps that 
had stood ovenught in deionizod water. The 
ki^a numbws weie ledueed by 15% $Dd 
23% after leaching Urith 0.1 and 1.0 mol/L 
NaOH, respectively. Since the bleaching 
chemical charge is based on pulp kappa 
number^ the hiippa. nuihber reduction obtained 
by alkaline leaching gives the percentage 
savmgs in bleaching obemioals. 

To obtam a better understanding of 
tiie effect of xylanase tieatment on enhanced 
bleachability, the k^a numbers of pulps 
after xylanase treatment and washing ware 
measured. The kappa number Of the 
reference pulp after xylanase treatment and 
washing dropped to 28.6, a 6% dectease 
(Fig. 1). Since tlte Meacntog chemical 
charge is ncsmally based on the k^pa 
nimiber befbte xylanase treatment (i.e. the 
k^pa number of the washed pulp), it is 
likely that a part of the bleaching chemical 
saving or improved bleachability is due to 
the reduced kappa number, or more spedfi- 
oally, removal of part of Hie lignin before 
bleachmg. Xylanase treatment removed 
practically no lignin fitom the 0.1 naol/L 
NaOH aBcaUne-leached pulp, however, as 
shown by comparison of tiis kappa numbers 
in Pig. lb. 

Effect of Xylanase Treatment 
and Alkaline Leaching on 
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Three pulps, a water-washed refer- 
ence pulp and pulps leached with 0,1 and 
1.0 mol/L NaOH, were tested to determmc 
the effect of xylanase tteatment on bleacha- 
bility (Fig, 2), Bach pulp was divided into 
two parts. One part was treated widi xyla- 
nase, and then Ct>E bleached. The otherpatt, 
serving as a control, was bleached under the 
same conditions, but without xylanase treat- 
ment. Figure 2 shows the kappa numbers of 
the pulps after CdE bleaching. 

Three observations can be made, 
First, the difference between the CpE kappa 
nombeiB of the reference and xylanase- 
tieatcd pulps was smaller if the pulfM were 
leached. Ja. &ct, after leachiag with sttong 
oausdc (1.0 mol/L NaOH), the eflbct of 

JUNB 1896 
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Fig. 2. The CdE kappa numi)0i« of tha pulpa with at wHheut AQX prDducHenmafuncikm 

xylanaaa trwrtmant. Thara ai* three pulpa: tha reterenee pulp, blaachlna. □ - retorencs pulpe: K- ; 
wiHhaut laaahtng treatman^ the pulp laachad In 0.1 moVL NaOH; 
and thft pulp laMlwd In 1 .0 mol/L NbOH. 



aa afuncifcmof tha Imppft number before 



xylaneusei 

Second, compmi to <tae 
eoK pvUffi, isfi allcaliiKs-leadied leifereiiBe 
pulps had lower CjfE latppa Binnb«B, indi- 
cating that alkaliae-leached pulps are Also 
easier to bleach. The stronger the caustic used 
m lewibing, die lower the CdB number 
leached. Fliialty, Ibe CdB laiqtt uombars of 
the tWpX54ami»^(iBatiBdpHttM, the unleachBd 



leached pulp had a tlll^tly lower CdE kct>pft 

Based on ^e nsults, it eppeais that 
tbeie is a liBut to the Ueadubiliiy iingprDve- 
niBDt whidi («a be obtaiiwd from ooaibmed 
aliiiBntB.If 
wea putly 

J liy alkaline leaching. xyl«u»e 

treiamettoimd^veraidyaereiiMiiiingpart 
of the e£fect achieved when xylanase is used 
atone, hx flie extreins case, leaching wit)) 
strong aUoli cea hmIcb xylanase treatment 



redundant Thus, the effeots of xylanase 
teeaboenit and alkaline leacfaiiig on bleach- 
ability are not cDnq>leniBntaty, i.e. thdr 
sequential use wonld be Ineffecdve. 

Figote 3 shows AOX piodiietkn dw^ 
ing CDEbleadiitig as a functian<tf DnUeached 
k^a nuHdbet As expected, AOX dscnttscd 
lineady wiOi doocasiia ioitiftl JctnpA number. 
There w«$ no difiTerenee in AOK fbnnalicm 
between the lefbsfioe and xylanase-treated 

Analy«ls of HemicsllulOM 
nemovQd with Ugnin 

Hie &ct fliat leachbig with stzosj; 
ea«ragh tOlcali oen achieve the same lesalts 
as xylanase tieatnKnt sngj^ests thatbesnicel" 
lutoaes and ligmn are both oBitctad by tikar 
line Icacbins. On the othn: hand, xylanase 
tieatziient degrades xylan and, as. a result, to 
: hfl^s remove figsin. ^K^t 



tfaetwoproceaaea? 



■Y?t90FTHEPIILltS 
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To investiEata the Mfect Of alkaline 
leaching on honicelhilose extraction, the 
polysaccharide contents of flie pulps treated 
under difEeRsnt conditions weremeaaaied by 
acid hydiolyaia fillloVMed by gas ehronut- 
tography. The nsults are listed in Put I of 
"nble I. Arabinan and galactan were not 
detected in any of the aai^)lss. Eaeh sample 
was analyzed hi dnpHcftie. Ihe analyses of 
the Sist two samples WBiB repeated again in 
duplicate. The averages mii differences ar- 




are alao reported on the baaiis of total carbo- 
hydrate BOtttent (eoluma 6), md these not- 
malized results are fisted in brackets below 
the origjnal data. 

Hw initial wadied pulp had somewhat 
higher xylan and RWuian content ftan alltiie 
other san^s, while Ihe bleached pulps had 
the lowest amounts of hemScellulose, Nev- 
cr<hd6SS.^accuracy and reproducibility of 
the analyses do not allow a firm condu^ion 
to be drawn, beoauae the eiror associated 
with each value is comparable to ttie magni- 
tude of the difisrence benveen samples. 

For a more accurate estitnate of 
hemlcellulose contents, the pentosan content 
of each pulp was measured; the results are 
listed in Part n Of mie I. Hie numbers in 
brackets are the pentosan contents recalcu- 
lated on the basis of carbohydrate contents; 
in each case, this is the difference between 
the total pu^ (100%) and its lignin content 
caleulatod as k^pa number x 0.147. Apart 
from the sample leached in 1.0 mol/L 
NaOH, die pentosao contents of the sao^les 
were quite close. This sugaests that neither 
aflwUne leaching with 0,1 moVL NaOH nor 
xylanase treatment under these experimental 
conditions affects the hemiceUulose content 
significanfly. Alkaline IcacWii^; with 1 .0 mol/L 
NaOH, however, did remove about 20% of 
the total pentosans. Assuming that die pesr- 
centBge of manoan removal la sbaut the 
same, ttie total carbohyduite loss (or yield 
loss) b>' alkaline leaching in 1.0 moI/L 
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Flgj. 4. Kappa numlwrs of thapuipa after each »M|ii«nt|iilti«n> Figi 5. Th* mtitoeular « 
ment In group (a), pulp was treated wWi xjrtanaM on, l««ieli«M(an('^" " " 
w«hwl(W),«mfth«nlMehe(l(qinQ.i nioi/LNaOH.rn9roup(b), 
pulp wu leeched In 0.1 mol/L NaOH, then xylanate treiBted and 
washed, finally leaohed In 0.1 moi/L, NaOH again. 



NaOH is about 3% oa pulp or 1 .S% on wood, 
wMch is about tjie same as was previously 
calculated [11] ftom themeasuiKCoeiit of ot, 
p, 7 oelluloBC fractions (Technical Section 
CFPA Standaid Testing Metiiod G.29P). 

The lesults in Table I show thai the 
iBpioducibility and accuiacy of the carbohy- 
drate analyses of the pulp samples do not 
allow accurate measutement of small difier- 
enoej in pvlp bemio^uloM ootitent tasult- 
iog £rom xylanaae treatment and alkaline 
leadung with 0.1 tncil/LNAOH. lb anothar 
q^piDBch, Ifae ungar contents of some of the 
leaChi&g liquors weie analyzed by the modi- 
fied antluxnie method [22]; tiiese data aie 
shown in Tfehle H, ^fote that the absolute 
value obtained by tiiis method majr not be 
accurate because it uses only one sugar, 
xylo^, to calibrate all the sugars, Also, the 
intensity of the colour was slightly affected 
by the presence of small amiouiits of lignin 
and hydroxy-adds. If it is assumed that this 
is a systematic boqi, the reladva ratios Of 
total sugar contents of the samples can be 
considered to be v«iy close to the true ratios. 

The results in Ikble U indicate that 
aU:«line leaohing with 0.1 mol/L NaOH 
exbacted a sniaW amotmt of hemicellnlose, 
which probably leads to the in^ioved 
bleachability shown in Fig. 2. The additional 
xylanase treatmant before allcaline leaching 
inoreesed the amount of carbohydrate extracted 
dudng' alkali Tie leaching, as exjKCted. Carbo- 
hydrate extmetion by leaching with 1.0 moI/L 
NaOH Was much more severe than that with 
0.1 moI/L NaOfi, confimung the result of 



, Siig»f,(mfl^>f)- 7 
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the pentosan analysis shown in Table I, With 
the data in Table D, a tough estimate of 
carbohydrate loss dudng the alkaline lea<*i- 
ing can be made. Leaching in 0.1 raol/L 
NaOH led to 0.3% of carbohydrate loss 
based on pulp. Xylanase treatment resulted 
In an additional 0.2% carbohydrate loss. 
Leaching in 1.0 mol/L NaOH, however, ex- 
tracted 4.7% of the carbohydrate torn the 
pulp. These values agree well widi those 
measured pt«viovwly. at least In the ottksr of 
magnitnde [20,23]. It is believed that these 
carbohydrate losaes are mainly hemlceUu- 
lose. A hemicetltilose loss in die order of 
0.5% on pu^j (or .0.25% on wood) generally 
does not affect pulp properties very mucli. 
Extraction of 4.7% hemioelluloae from the 
pulp <~Z.3% on wood), however, will sig- 
nificantly oSect the pulp beatability [II]. 
Ibese treatments should not decrease the 
pulp strength. 

Comparing the data in Tables I and n, 
the sensitivity of the carbohydrate analyses 
is much better with Kquor samples, the large 
amount of carbc^ydrate removed, the com- 
pletely eliminated effect of xylanase treat- 
ment, and die itnprovedbleachability found 
with the pulps leached in 1,0 mol/L NaOH 
suggest ttat patp bleachat^ty is related to 
the bemiceVulose content of the pulp. 

Based on these catbohydi^ analyses, 
wecanconclu<kthatiii^^vedbleaehabiIity 
after alkaline leaching occurs because some ' 
hemicelluloses were extractcsd along wiUi 
lignin during the leaching. The stronger the 
caustic used in leaching, the more hemioel- 
lulosois extracted, maWng it easierfor lignin 
to difflise Com fibre walls durmg bleaching, 
When the hemicellulose removal by leach- 
ing is beyond what can be arhieved by xyla- 
nase treatment, then xylanase will have no 
additive effect on po^ bleachaldlity. In ftct, 
the improvement in- bleachabiUtv can be 
even greater tium that obtained by xylanase 
tteatmesttt. as was shown in Fig. 2 for the 



pulp Uaohed with 1.0 moyLNaOH. Leach- 
ing takes out maiman also, and it is interest- 
ing to note that mannan lyrdRdyais by 



[20]. 

Effect of XylanasB Treatment on 
Lignin Removal In Alkaline 
Leaching 

To examine the effect of xylana«e 
treatment on ligniii femova] ta alkaline 
leaching, pulps after xylanase treatment 
were leached in 0. 1 mol/LNaOH. The kappa 
numbers after leaching are shown in Fig. 4, 
If pulp is first treated with xylangse, iQOie 

lignin can be removed during alkaline leach- 
ing — the kappa number of W-XW-L Is 
lower than that of W-L. The effect of Jtylan 
depolymedzatioa on lignin lemoval is fur- 
ther illustrated by the fact thatxylanase treat- 
ment of the previously leached pulp, W-L. 
liberated more Ugnin from the pulp infiiniier 
leaoWng (W-L-XW-L). 

The way tbat xylanase treatment 
affects Ugnin removal can also be seen in the 
molocnlar weight dislribudon; of dissolved 
Ugnip in the leaohates. Figure S shows these 
distributions in the leachates of W-XW-L 
and W-L. As a comparison, the molecular 
weight distribution of lignin m bkck liquor 
is also shown in Figure 5. The taroflles are 
normalized, based on the same total llgnia 
mass measured at 280 ma 

The distribution profiles indicate that 
the leachates contain more high molecular 
weight lignin (>5000) than black liquor 
does. Xylanase treatment, or xylan degrada- 
tion, leads to even greater removal of high 
molecular weight lignin; this mij^t result 
from xylan degradation clearing a path (i.e. 
pores in fibre walls) to allow faster diffusion 
of the laiger Ugnin nuicroTOOleeules. A Shni- 
lar eSect was rqported recently by Ean- 
teliiitenetal.|:21]. 

From the dala m Hga. 4 and 5. we can 
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XYLANASE 

c) without rtaa*. oonvontlonal oooWnfl 



conclude that x.ylsn degradation lesulting 
fiom xylftnass treatmeM leads to greater re- 
movsl of lignln macraraotecules, especially 
those of Uglm molecular weight. Xl^fors, 
Ihe improved blsachability of kraft giUps 
iftei-xylfioaae treatmeTitTefiuItS imitUy &om 
leduccd TEStdctiOQ Oflignin diffusion. Xylsu 
dcgiadatioii may atoo release lignhi bound 
with Ttyhn in Upiin-caiboliydt«ie complexes, 
but this would not necessarily result in 
release of iiigher molecular weight lignin. 
Since the geJ penneation fiacuons would 
include tie weight of earbobydiate material 
in solubillzed llgnin-carbohydrate con^lexes, 
it cou^ be ergued that more low moleeular 
weight lignin should be Seen if cleavage 
Of hgnin^erbohydratB complexes was a 
8ignificant factor. 

Based on our experimemal results, we 
piopQ^e the foUowiog mechanisnw of alka- 
line leaching and xylanase traatnifint. Alka- 
line leachit»« not only removes lignin. but 
also eKiracis the rel^vely low moleculai 
weight hemioellvloses. Thus, aU:allne leach- 
ing will allow a leduccd bleaching chemica] 
charge, and a lower kappa number after 
bleaching or imjMDOved bleaohsbility. The ef; 
feet of xylanase treatment, however, can be 
seen mainly ftcm a lower kappa number 
fitm bleacUng, i.e. improved bleachahjlity.. 
becaose the Jfappa number after the toest- 
laejii and water wadMng changes only 
■ tligbtly. Tb& improved bleadiabilily after 
alkaUne leacbints .or jcylanaae! trMtnwnt re- 
suits from reducing (be rettdeting lole that 



hemicelluloses play In the removal oflignin 
macromoleoate*. The BJechaaisras ate not 
exactly (he sama xylanase qiecifically bydio- 
lyzes xyten, while alkaline Imiehing randomly 
extracts sbort-chaihcerb(Aydrates. 

INDUSTRIilUL IMPLICATIONS 

The change; in kt^pa nomber after 
CdE bleaching (Hg, 2) indicate that the ef' 
fects mi bJsachablilry of allcallne leaching 
followed by xylanase treatment are not 
complementary. Thereforo, liie sequential 
appUoation of U» two processes, alJiflline 
leaching followed by xylanase treatment, 
Will not produce an extra benefit, 

C^mt»uing the lower charge of 
bleaclnng chemicals and the in^prOved 
blcachabllify, the total savings of bleaching 
chemicals in the case of alkaUne leaching 
with 0,1 mol/L NaOH may be 9e«»ei*iiet 
higher than those achieved with xylanase 
tteatmejit wlfliow leaching. However, which 
treatment should be used in a speciiic mill 
depends on the conflgvtration of the fibre 
line, 

Accordmg to their pulping and 
bleaching methods, most kraft mills c^n be 
divided into three categories, as shown in 
Fig, 6: (a) mills with oxygen stage; (b) mills 
without oxygen stage, but using extended 
cooking ptwesses, especiftlly EMCC* pro- 
cess; and (c) mills witboni axygfa stage, and 
using oonventiooal coddng methods. 

la Ok first scenano, i.e. mills with 
oxygen stages, it wovdd be beii«Boiia to 



operate the whole brownstock wasliing line 
at a higher pH. No additional caustic, other 
than (lifi normal NaOH charge for the O2 
Stage, is required if ffie psxxMAS is modified 
as shown in Fig. 6a. NaOH required for the 
O3 RtBge is chai^ged before (he high-dansity 
(HD) Storage tower, which provides die con- 
ditions for alkaUne leaching to take place. In 
the case of a hig^-consisteney O2 stage, the 
pressate is recycled to the HD tower. Willi 
2% NaOH charge on pulp for a 35% consis- 
tency O5 stage, the NaOH concentration in 
HD lower can be built up to 0.2 mol/L. In the 
case of a medium-consistency O2 stage, 
similar process modiflcaticHis involving a 
decker can also provide relatively bigh 
NaOH concentrations in the HD tower with- 
out significant additional NaOH. ITie capital 
cost for the process modification should be 
very minimal. Xylanase treatment is not 
recommended before oxygen stage, but 
could l>e used after the oxygen stage to 
provide additional improvement in CdE 
bieachability [24], 

In the second scenario, mills opemting 
under extended delignification conditions 
(e.g. an BMCC* procsis) may not benefit 
significantly fixim xylsaase treatrhent be- 
cause the hemiceUulose content in the pulp 
could be reduced by the high alkali concen- 
tration near the end of eooldng, TTiis conclu- 
sion remains to be tested with the various 
HMCC® Tegimes, although, in general, we 
suggeet that any pulping proce^a which 
affects hemicelluloses in a manner simUar to 
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that of alkalitie loachiiiK may not signlH- 
cantly benefit ftom subsequent xylanase 



Finally, mills witii conventional kraft . 
pulping (both continuous and hatch) and 
without an oxygon Stage should obtain a 
significant reduction of bleaching chemical 
conson^on by instcdllng xylanase ttestsaenU 
"the economics of tte xylanase tteatnient is 
wet) justiikd by the eiefiagt in bleaebiiig 
dumieal when id^ ddoiine dknude fiubsti- 
t«tiotjiaiiiuse[25J. 

CONCLUSIONS 

The blcachability of softwood kraft 
pulp can be improved by xylanase treatment 
or by alkaline IcacliittS. In addition, with 
fllkaUns le&ohing. a significant kappa 
flumbsr roduotiott, and thus a raduced initial 
bleaching chejnical chaige, can be achieved. 
The mechanisms of the two piocesses have 
been investigated by analyzing the lemoval 
of heiuicellulose and lignin dudng die 
treatments. The effects of the pnicesses on 
bleachability aie not complementary, be- 
cause the medianismii are similar: hyttooly- 
sis of xylen or extractioii of the 
hemicoUuloaes reduces the restriction of 
hemicellulofie on femoval of lijpodn mactO" 
molecules. Thus, oombiniag the two proc- 
esses is not recommended 
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re-wndensaiion and liquor breakdown (sulfate 
formation), the major reason for uncontrolled 
oeliulose degradation. 

Table 6IA summarizes the results of optim- 
izing the three parameters for three levels of 
combined SO2 in the cooking liquor. Improved 
acetylatlon puip quality is achieved with 
decrea£ing concentration of any of the four bases 
(Ca++, Mj*^-. NH^+. and Na+) commonly 
employed in acid bisulfite pulping. There is 
evidence, however, that the bivalent alkaline 
earth cations cause a greater improvement in 
quality than the monovalent alkali cations. 
Apart from acetylation grade pulp, boiefidai 
effects on the properties of other typ*s of 
dissolving pulp are also found. 

2. Prahydroiysis 

Prior to 1950. dissolving grade pulps were 
produced almost exclusively by ^e sulfite 
process [26}. As noted earlier, the strongly acidic 
pulping Stage coupled with a subsequent hot 
alkaline extraction serves to remove the bulk of 
ihe lignin and hemicellulose fractions, resulting 
in a pulp with high alpha cellulose content. SincsT 
the conventional kraft process stabilizes residual 
hemicelluloses against further alkaline attack, it 
is not possible to obtain acceptable quality 
dissolving pulps through subsequent treatment 
in the bleach plant. In order to prepare 
dissolving type pulps by the kraft process, it is 
necessary to give the chips an acidic pretreat- 
meni before the alkaline pulping stage. A 
^ign^ficant amount of material, on the order of 
10% of the original wood substance, is solubil- 
ized in this acidic phase. Under the prehydrolysis 
conditions, the cellulose- is largely resistant to 
attack, but the residual hemicelluloses have been 
degraded to a much shorter chain length (about 
30% of the original DP) [27] and can therefore be 
removed to a large extent in the subsequent kraft 
cook by means of the well-known peeling 
reaction and other hemicellulose hydrolysis 
reactions. Primary delignification also occurs 
during the kraft cook. However, because of 
ligntn condensation reactions during the acid 
stage, residual lignin in unbleached pulp from a 
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prehydrolyzed Itraf: process is more difficult to 
remove during bleaching compared to conven- 
tional kraft pulp. 

The value of prehydrolysis is evidenced in a 
Study on structural changes occuring in wood 
during this step. The prehydrolysis stage normal- 
ly involves treatment of wood at elevated 
temperature (1SO-1SO*C) with dilute mineral 
acid (sulfuric or aqueous sulfur dioxide) or with 
water alone requiring times up to 2 h at the lower 
tenperature [28). In the latter case, liberated, 
acetic acid from certain of the naturally occur- 
ring polysaccharides (predominantly the man- 
nans in softwoods and the xylan in hardwoods) 
lowers the pH to a range of 3 to 4 [9]. This acidic 
treatment hydrolyzes a substantia! portion of the 
hemicelluloses to short chain polymers and, to a 
lesser extent, to monomer form as a result of 
chemical treatment [30]. Whereas successive 
treatments of alkali and acid partially convert 
hemicelluloses to a resistant fraction remaining 
in the cell wall, the reverse sequence (acid-alkali) 
results.ln extensive hemlcelJulose (fagmeniailon 
to readily solubilized componenu. Extensive 
studies on the chemistty and tnecharusm of 
prehydrdysis for both softwood [3 la] and 
hardwood [32] have been carried out. The 
quantities and fates of the extracted constituents 
were determined as reaction conditions were 
varied. It is thus possible, depending on the 
severity of prehydrolysis, Iq produce pulps with 
varying alpha cellulose contents. A minimum 
level of purity must nevertheless be acheived for 
suitability in dissolving pulp applications. 

Recently, the catalytic effect of anthraquiflone 
in the alkaline phase of a prehydrolyzed soda 
dissolving pulp production has been presented 
[31b]. No adverse effects on end-use quality were 
noted for pulps prepared by the procedurcL 

3. Bleaching 

Typical bleach sequences for dissolving pulps 
are shown i n Table 62, and are discussed in detail 
in subsequent sections. 

Following the bleaching, roost pulp mills 
universally treat the bleached stock at 2.5-3.0 pH 
for approximately 5 tnin at low consistency to 



Table 61A. Effect of 



80t on acetate selutlen purity [3$c]. 



Cooking conditions 



Acetyietion te»t 



% Comb, % Totar 



■ After eenstant aaatylHtien time. 
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